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INTRODUCTION 
In the United States the swine industry contributes a great deal 
to the economy of the corn-belt farmer. On June 1, 1967, the U.S.D.A. 
Statistical Reporting Service reported 43,642,000 swine in the ten Corn 
Belt States, which produce three-fourths of the United States pig crop. 
·south Dakota produced approximately 2,700,000 hogs in 1966 with 
a value of 137.5 million dollars, which is approximately 18.1% of the 
total farm income. 
In recent years the trend toward producing a fast-growing, 
efficient and meaty hog has necessitated that the nutritional regimen 
be changed to help express the hereditary potential of the modern meat­
type hoge In swine nutrition it is necessary to give special attention 
to protein quality and specifically to ·insure an adequate balance of 
amino acids. 
·A corn-soybean meal type ration is most com.�only fed to swine in 
the corn-belt area. Corn, like other cereal grains, is deficient in 
several. of the ten essential amino acids required by the pig. Lysine 
appears to be the most limiting amino acid for pigs fed a corn-soybean 
meal ration. 
Considerable research has been conducted to determine the value 
of lysine supplementation in a corn-soybean meal diet. A series of 
trials were conducted to determine the value of supplemental lysine 
supplied at equal inta�es through the drinking water or in the feed 
using a corn-soybean meal ration. The major objectives of this study 
were to investigate two different methods of lysine supplementation and 
to determine the effect of the amino acid lysine on growth, feed 
effi.ciency and carcass composition. 
. . 
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REVIEW OF LITERATURE 
In the past ten to fifteen years many experiments have been con­
ducted with swine to detennine the value of lysine supplementation to 
·a corn-soybean meal ration. Sixty years ago research reported by 
Osborne and Mendel (1914) showed lysine to be essential for normal 
growth of nonruminants. Rats fed a diet of gliadin, a protein of wheat 
which is almost devoid of lysine, just maintained their weight, whereas 
the addition of lysine to the basal ration promoted growth at a normal· 
rate. It was the authors' opinion that 11lysine is indispensable for 
the functions of growth. No amount of energy or protein, however 
abundant, has induced growth in our animals in the �bsence of lysine. 01 
It was also indicated by the authors that similar results could be 
expected using zein of maize, a protein deficient in lysine. 
Mertz� al. (1949) conducted one of the first experiments to 
show ·that lysine is an essential amino acid for swine. These workers 
used a ration based on zein as the.protein source and was fortified: with 
vita�ins, minerals and amino acids other than lysine. The basal ration 
contained 23.5% protein ��d only o.02i lysine. 
Pigs fed this ration did not gain weight for the first 28 days. 
Feed consu.mption decreased progressively to a low on the twenty-first 
day. The average daily feed consu.mption for the 28 day period was 2.19 
pounds • .Another group of pigs fed the basal ration plus 2� DL-lysine 
losborne, T. B. and L. B. Mendel. 1914. And.no acids in nutri­
tion and growth. J. Biol. Chem. 17:325. 
hydrochloride had an average daily feed consumption of J.41 pounds and 
gained 0.85 pounds per day during the 28 day period. 
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The pigs receiving the lysine aeficient ration were given 2% 
supplemental lysine in their ration after the initial 28 day period and 
inu�ediately responded by an increased weight gain and a greater daily 
feed consumption. For the second 28 day period the average daily gain 
was 0.77 pounds and feed consumption was 3. 05 pounds per day. The basal 
ration contained sufficient vitamin, mineral and caloric intake for 
adequate maintenance and growth, but the lack of lysine apparently 
prevented normal protein synthesis as well as proper utilization of 
other nutrients. Pigs deficient in lysine showed a depraved appetite, 
rough hair coat, emaciation and apparent inanition. In this trial 2% 
of DL-lysine hydrochloride permitted an average daily gain of 0. 91 
pounds for the 42 day period immediately following weaning. 
Athens .§1. al. (1958) presented d�ta to indicate.that lysine is 
essential for normal erythropoiesis in swine. Twenty-three pigs were 
fed a zein diet deficient in lysine. In addition to the original 
experimen�al pigs, five more were given hexahomoserin� (6-hydroxy-DL­
norleucine), a lysine a.�tagonist. All of the animals treated with 
hexahomoserine and those fed the lysine deficient diet developed a 
normocytic, normochromic anemia, which was accompanied by hypoalburni­
nemia and hypocupremia. No alterations from normal were noted in plasma 
iron concentration or in bone marrow morphology. The anemia responded 
rapidly to administration of lysine. 
5 
Early work on different levels of supplemental lysine by Brinegar 
.tl al. (1950) was conducted to determine the quantitative lysine 
requirement of swine. Using a 10. 6% protein linseed meal-starch-glucose 
ration supplemented with methionine and histidine, it was found that the 
minimum level of lysine which produced a maxL�urn gain in weight and feed 
efficiency was 0. 58% OI the ration. Pigs fed a 21.7% protein ration 
containing sesame meal supplemented with methionine and histidine 
improved in gain and efficiency up to the l. 17� lysine level. Further 
supplementation of lysine did not result in additional improvement in 
gains or efficiency. A 21. 3% protein ration composed of meat scraps, 
zein and wheat proteins, which included added methionine, histidine and 
tryptophan, produced the best results at a level of 1. 2% lysine. 
The d.tfference in these requirements is largely eliminated if 
they are expressed in terms of their proportions to the protein in the · 
ration. The lysine requirement of 0. 58% and l. l?�i of the ration corre­
sponds to 5. 7;5!) and 5. 5% of the protein in the 10. 6 and 22. 0�b protein 
rations, respectively. The digestible lysine requirement for weanling 
pigs fed 22% protein rations was determined to be 1. 1% of the ration or 
5.0% of the protein in the ration. 
Mitchell et al. (1952) found the proportion of zein in the total 
protein of corn increases linearly with the total protein content up to 
a content of about 14%. The proportion of tryptophan a.."'1.d of lysine in 
the total proteins of corn decreases with increasing content of protein. 
The digestibility of the mixed proteins of corn incr
.
eases, but the bio­
logical value decreases considerably with increasing protein content. 
Whitehair and MacVicar (1952) fed weanling pigs a 14·;t crude 
protein ration with 0. 20% lysine added to the diet. The addition of 
lysine improved the growth rate by 18% and the feed efficiency by 10%. 
The addition of a combination of DL-lysine and DL-methionine produced 
results inferior to each axnino acid supplemented separately. 
Evans (1958) investigated the essential amino acid requirement 
of the bacon pig. The results of the first nitrogen balance trial and 
of the first growth trial showed that a diet supplying about 0. 76% 
of lysine enabled weanling pigs to make very satisfactory live weight 
gains of approximately 0.95 pounds per day between weaning and approxi­
mately 80 pounds. vJhile an addition of ·0.1% or 0. 2% L-lysine mono­
chloride brought about a further slight improvement in the growth rate 
and retention of nitrogen, effects were too small to make such 
additions worthwhile. 
Utilization of the nitrogen in the feed was improved and the 
percentage of nitrogen eliminated in the urine was reduced as a result 
of adding 0.2% L-lysine plus 0. 2% D1-methionine to a ration containing 
20% of extracted decorticated grou...ridnut meal. In the second growth 
trial the addition of a�ino acids improved live weight gain from 0.86 
to 0. 98 pounds per day. These workers also reported that the require­
ment for lysine appears to be· much lower for pigs weighing between 90 
and 150 pounds, approximately o.37�. 
German et al. (1958) conducted two experiments involving a total 
of 37 weanling pigs weighing 25 pounds i� an attempt to determine the 
L-lysine requirement of the young weaned pig. A semi-purified diet 
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consisting of over 80% ground corn, amino acids and other nutrients was 
fed at six different L-lysine levels (0.4% to 1. 0%). Total crude 
protein equivalent of the diet was standardized at 15. 0% on a moisture­
free basis. 
Under the conditions of the experiments, the level of utilizable 
L-lysine which supported maximu.�.gains and feed efficiency for pigs six 
to seven weeks of age was 0. 70% of the moisture-free ration (0.60% of a 
ration containing 14.1% moisture or 0. 62',h of a 10.6% moisture ration) 
and is equivalent to 4. 7% of the total crude protein or 5. 1% of the 
digestible crude protein of the ration. 
·work done by Hutchinson et al. (19�7) with early weaned pigs two 
to six weeks of age weighing approximately 9. 5 pounds indicated a 
higher lysine requirement for the young pig. A semi-purified diet 
formulated largely from dried skim milk, sesame oil �eal, cerelose and 
corn starch and containing 14. 25% crude protein was used. Additions of 
lysine significantly increased rate of gain and feed efficiency, and 
greater feed consu.mption was observed when 0.935% of the ration, or 
6.6% of the total protein, was lysine. 
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WaJustrom and Larson (1960) working with we��ling pigs fed oat 
rations found that the 20 pound pig required 0.72% lysine in the ration, 
whereas slightly larger pigs weighing approx:i--nately 28 pounds required 
0. 52% lysine in the ration. 
Becker et al. (1954) determined that the optimum level of lysine 
for pigs one to four weeks of age was 1. 42;6 of a 22% protein ration, or 
6�45% of the protein. For pigs five to nine weeks of age the optimum 
level was 0. 72% of a 12% protein ration or 6. 00% of the protein. 
Shelton et al. (1951) used pigs weighing an average of 34.4 
pounds in feeding experiments designed to evaluate the lysine require­
ment of the pig. A basal ration containing 0.5% lysine and 2J.8% 
protein did not give good gains or feed efficiency. It was observed 
in this experi�ent that the female required 0.8% lysine for optimu.� 
growth and feed efficiency while.the males appeared to  do best at the 
1. 0� lysine level. The lysine values expressed as a percent of the 
protein are J.4% for the female and 4. 2% for the male. 
German (1958) found that gains of weight and feed efficiency in 
25 pound pigs on a complete diet containing 15% protein were not 
improved by feeding over 0. 70% of I-lysine (moisture-free basis) to 
males or over 0.58% of lysine to females, which had a growth rate of 
about 15% less than that of males. In either case when a 10 or 20% 
protein ration was fed, the lysine requirement was 0. 9% instead of 0. 7% 
as found with the 15% ration. The lysine requirement being lower at 
the intermediate protein leve.l was somewhat unusual in this trial. In 
most similar reports lysine requirements stayed somewhat the same or 
progressively became lower at lower protein levels. The author gave no 
explanation for this peculiar·requirement differen�e. Use of protein 
was most efficient at the 10·% protein level; feed efficiency increased 
progressively with an increase in lysine, regardless of protein level, 
and also with an increase in protein regardless of lysine level. 
8 
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Meade (1956) was one of the early workers to investigate the 
influence of lysine, tryptophan and methionine supplementation in a 
corn-soybean meal diet for growing swine. A 15.9% crude protein diet 
formulated from a 10. 8% protein corn and a high quality soybean meal 
was supplemented with lysine, tryptophan ��d methionine. There was no 
improvement in nitrogen retention of growing pigs when the supplemented 
diets were fed at approximately 4. 25;� of body weight. Meade reported 
that 0. 69·% lysine, . 132% tryptophan and o.27]t methionine were adequate 
to promote acceptable gain, feed efficiency and nitrogen retention by 
growing pigs. 
The 15.9% crude protein ration appeared to contain protein in 
excess of the needs of pigs weighing 40 kg. This was shown by a 
substantial increase in urinary nitrogen excretion of pigs of this 
weight. 
When Abernathy _tl al. (1958) fed pigs a 14% and a 18% protein 
ration, a highly significant depression in rate of gain resulted when 
0.10% of lysine was added to the ration. This inhibitory effect 
appeared to be reduced as the caloric density of the ration was 
increased. 
Mitchell et al. (1965) renorted the lysine requirement for the -- ... 
baby pig _fed a 22% protein diet was 1. 2 to 1. 34% of the diet. The 
r·equirement of 1. 2% of the diet is equivalent to 5.5% of the dietary 
protein. These workers reported that for growing swine the requirement 
· was O. 36 to 0. 41% when fed · a diet containing 12]6 protei:1 or J. 3% of the 
dietary protein. 
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Meade et al. (1966) reported that pigs weighing 18. 5 kg. did not 
respond to supplemental lysine in the ration. The pigs were fed rations 
containing 12% protein and 0. 56% lysine or-14% protein and 0 . 65% lysine . 
These lysine levels in this specific experiment apparently met the 
requirements of the pigs for maximum gro�rth and - feed efficiency. 
The value of lysine and methionine supplementation of corn-soybean 
meal rations was reported by A9ker � al. (1959 ) .  Rations containing 12 
and 14;6 protein were supplemented with four levels of L-lysine and/ or 
four levels of DL-methionine. The rations were fed to pigs weighing 23 
pounds until they reached a weight of 100 pounds. 
The rate of gain and feed efficiency of the 12·% ration was 
improved up to the 0. 10% supplemental level of lysine. Lysine supple­
mentation of the 14% protein ration exerted no consistent effect on rate 
of gain or feed efficiency. In this experiment the protein level by 
supplemental lysine interaction was statistically significant for both 
rate of gain a�d feed efficiency. 
Evans (1961) found that w'nen synthetic amino acids (O . J% L-lysine 
and 0. 1% DL-methionine ) were added to a corn-soybean diet and fed to 
pigs the amount of nitrogen eliminated in the urine was reduced and the 
nitrogen retained as tissue protein was correspondingly increased. It 
was noted in this experiment that when _lysine and methionine were added 
to a low-protein (13%) ration that it had a striking effect on the 
growing ability and thriftiness of the pigs. Ten individually fed pigs 
gained in body weight between 36 and 80 pounds at the mean rate of 0. 8 
pound per day a�d had a feed conversion figure of J. 29 pounds. When the 
.11 
same diet was supplemented by inclusion of 0 . 3% L-lysine plus 0 . 10% 
DI-methionine, the rate of gain increased to 0 . 92 pound per day and 
feed conversion to 2. 86 pounds. The saving of  feed between 36 to 80 
pounds as a result of amino acid supplementation amounted to 19 pounds 
per head. When pigs were fed from 80 to 120 pounds, 0 . 20% L-lysine 
enabled pigs to store an average of 3 grams of extra nitrogen or 0 . 18 
gram additional tissue protein per day. 
Clawson � al. (1963 )  fonnulated ten percent protein corn-soybean 
meal rations to supply 12. 5, 25 and 50% of the protein from dehulled 
soybean meal. The remainder of  the protein was supplied by corn . 
These rations were fed with and without 0. 4% of  added lysine during 
two consecutive seasons. Six pigs were individually fed each ratio n 
during each season. 
Increasing the proportion of - the protein supplied by soybean 
meal resulted in significant increases in feed intake and daily gain. 
Carcass leanness as measured by area of longissirnus dorsi muscle _was 
significantly improved by increasing the percent o f  protein supplied by 
soybean meal and by added lysine. 
Research conducted by Pfander and Tribble (1955 ) demonstrated 
the effect of supplementing rations containing corn , soybean meal, 
tan.le age and wheat shorts containing 14, 16 and 18% _ protein with lysine, 
methionine and tryptophan. The addition of 0. 10% L-lysine increased 
growth rate and feed efficiency but did not greatly increase feed 
consumption. Supplements of  methionine or tryptophan increased growth 
rate and feed efficiency, but combinations o f  two or three amino acids 
did not give as great a response a.s lysine alone.  
In this experiment the requirement of the pig ,  expressed as a . 
percent of the protein , was met by 5. 0% L-lysine, 3.5� methionine and 
1. O"fb tryptophan . 
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Similar findings on lysine and methionine supplementation of 
starter rations were reported by Hays et al. (1959) and Combs et al. 
{1963 ).  The addition of 0. 15 or o.·20% L-lysine and o. 05�t DL-methionine 
to a 16% protein corn-soybean meal starter ration significantly improved 
feed conversion with feed efficiency equivalent to that obtained with an 
18� protein diet. However, fin al weights or average daily gains were 
not affected. Much of the research conducted vrith lysine supplementation 
of rations fed to young pigs has resulted in an improvement in efficiency 
of gain without significantly influencing final weight or daily gains. 
The fact that there is .a protein �aving action with lysine and/or 
methionine supplementation of a corn-soybea.11 meal diet is clearly shown 
by research reported by Catron et al. (1953 ).  The researchers fed 128 
pigs a 12 or 14% protein corn-soybean meal ratio n  supplemented with 
0, 0. 05, 0. 10 and 0. 15� L-lysine and 0, 0. 025 ,  0.050 and 0. 075% DL­
methionine in all possible combinatio ns in a 2 x 4 x 4 factorial plan. 
The pigs were self-fed from an average of 23 pounds to 100 pounds. 
The pigs fed the 14� protein ration gained significantly faster 
than those fed. the 12% protein ration in the absP.nce of an1ino acid 
supplementation. Pigs fed the 12% rations increased in rate of gain and 
feed efficiency as level of lysine supplementati on increased to the 0.10% 
level then leveled off or declined. Lysine supplementation . of the 14% 
protein rations had no effect on rate of  gain or  feed efficiency. As 
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lysine supplementation of the 14% protein rations increased, feed con­
sumption significantly decreased . The 12% protein ration supplemented 
with 0.10% lysine had gains and efficiency of food utilization approxi­
mating those of the unsupplemented 14� protein  ration. 
Results of experiments conducted by Pfander and Tribble (1955 ) 
indicate that the average increased feed efficiency obtained when the 
lysine supplemented rations . were fed was sufficient to produce an 
additional 50 pounds of live hog per ton of feed, indicating that 
lysine supplementation of rations would be economical if one could buy 
two pounds of lysine for less than the value of 50 pounds live hog. 
The u se of lysine supplementation to corn-soybean meal rations, 
in order to improve carcass composition, has met with varied success 
by many researchers. It has been the definite opinion of neat ly all 
researchers that no amount o f  extra amino acid supplementation over 
and above the requirement of the diet can improve the hereditary lean 
meat producing capacity of the pig. There has been substantial research 
to show that a balanced ��ino acid diet high in biolo gical value can 
and will express the maximum lean meat producing ability of the pig, 
especially at an early age. 
The modern meat-type hog of today has a higher protein require­
ment than the fat, lard-type pig of  JO years ago. As one would expect , 
the amino acid requirement is  higher for the meat-type pig , and it is 
critically essential that the amino acids are in the proper ratio to 
each other as well as being present in correct amounts. 
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In _the work done by Clausen (1959, 1963) he stated " The protein 
requirement of growing meat-type pigs can be defined as those quantities 
of essential amino acids, and the quantitative ratio of these a�ino 
acids to one another, which ensure maximum lean meat formation in pigs. 1 1  
He also stated 1 1if full meat formation is to be achieved , the 
total ration must not only contain the necessary quantities of amino 
acids in the correct proportion to one another but must also contain 
vitamins of the B-group in sufficient quantities to enable the pig to 
transform the amino acids into lean meat. "2 
It was .also pointed out in his studies that the amino acid 
requirements seem to be higher under excellent housing conditions 
because the pigs fed a given ration grow faster in such houses than do 
pigs under poorer conditions. 
In the future, the protein requirements of pigs may no longer be 
expressed as a requirement for certain quantities of crude, digestible 
crude or digestible true protein on a per day basis. A ration can verJ 
well contain the recommended level of protein without being able to 
ensure maximum meat formation in the pig. It is  imperative that in the 
future the contents of essential amino acids be known and calculated in 
different feedstuffs of the total diet. 
Work by Clawson and Barrick (1961) showed that total carcass 
backfat was reduced when 0. 4% lysine was supplemented to a ten percent 
protein diet. Area of the longissimus dorsi muscle, measured in square 
2CJ.a.usen, H. J. 1965. The protein requirement of growi ng 
meat type pigs. World Review of Animal Prod. 1 : 39. 
inches, was also significantly improved ( P �o . 5 ) by the addition of 
lysine . 
Jurgens tl al . (1967 ) found that pigs fed diets containing 
supplemental lysine ( 0.1% ) had a significantly lower dressing percent 
( P <. 05 )  and higher percent ham and loin ( P < . 05 ) .  These two measure­
ments indicated an increase in yield of total lean due to lysine 
supplementation. 
The addition of lysine increased the area, percent protein and 
firmness of the longissimus dorsi in carcasses of pigs fed 12% protein 
but d ecreased these measurements of carcasses of pigs fed 16% protein. 
Average daily gains and feed efficiency were higher when pigs 
were fed 16'�t protein rations than when fed 12% protein ,  but they were 
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not affected by the addition of o . 1;i L-lysine to these rations. The � 
d ata from this experiment indicates that the lysine level for optimum 
d aily gain ma�· be d ifferent from that needed for optimum lean carcass 
d evelopment of pigs . 
E,cperiments conducted by Welch � al. (1966 ) show that amino 
acid intake during the period of major fat d eposition (50 to 90 kg. ) 
could be of considerable importa..l"lce in maintaining carcass quality, 
particularly when marginal protein levels are fed . 
In their experiment with 50 to 90 kg . barrows , the addition of 
o . os; lysine to a 12% protein b asal ration failed to increase nitrogen 
retention - while the addition of O. 08% lysine to the basal r ation . ' . 
diluted with sucrose to reduce the protein to 7.5 or 9 . 7% produced a 
significant increase in nitrogen retention. 
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Vipperman et al. (1963) found rate of gain, feed efficiency, loin 
eye area and total lean yield were improved with lysine supplementation. 
Pigs were fed from 23 to 210 pounds on 16%, 14% and 12% protein rations, 
with protein level changes at 75 and 175 pounds of body weight. The 
addition of 0. 60% L-lysine gave near optL�um responses when all factors 
were considered. 
The levels used in this experL�ent are somewhat higher than what 
other researchers have used to obtain optimum growth and efficiency of 
feed utilization. 
Chemical analyses showed signj_ficant increases in total protein, 
· moisture and ash in the longissimus dorsi muscle of pigs receiving 
lysine. The percent prot�in of the loin muscle (wet) increased signifi­
cantly from 19. 6% in pigs fed the basal ration to 24. 4% in the loins of 
pigs fed 0 . 90% supplemental lysine. 
Willia.ms et al. (1954) analyzed the tissues of pigs of various 
weights from birth to 200 pounds and found that the percent of essential 
amino acids of the tissue protein remained nearly constant. These 
workers also suggest that for optimum protein utilization a similar 
ratio of amino acids may be required throughout growth. 
Cahilly et al. (1963 ) reported carcass backfat thickness, lean 
cut yield and. loin eye area were improved with lysine supplementation up 
to the 0 . 60% supplemental level in the ration. Proximate analyses of 
the longissimus dorsi muscle showed that the muscle protein increased 
with lysine supplementation while the muscle moisture.decreased. 
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Kropf (1958 ) found little advantage in lysine and tryptophan 
supplementation on carcass composition of swine .  The addition o f  lysine 
or tryptophan to a corn-soybean meal ration did not benefit growth 
rate, organ weight, carcass measurement or yields, except possibly in 
the early stages o f  growth. Nitrogen retention increased with body 
weight and age and it was positively related to carcass moisture arid 
protein content but inversely related to carcass ether extract. 
The study reported herein was designed to determine the effect of 
supplementing the drinking water of pigs with four different levels of 
lysine alone and one level in combination with tryptophan and to compare 
the effect of adding lysine at t�o levels in the water with an equal 
amount added in the feed at two protein levels . 
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METHODS .AND MATERIALS 
The study reported here consists of three separate trials con­
ducted at the South Dakota State University swine unit. All pigs used 
in this experiment were from the University breeding herd and h ad been 
vaccinated for cholera and erysipelas and treated for internal and 
external parasites prior to being placed on the experiment. The data 
were analyz ed according to the �ea.st squares method of evaluation. 
Trial I 
Lysine and Lysine-Try:ptophan Supplementation in the Drinking 
Water for Pigs. The first trial was started on May 13 , 1966, and was --- -- � 
terminated on August 22, 1966. Ninety- six purebred Yorkshire weanling 
pigs were stratified according to litter , weight and sex. They were 
then randomly allotted into 12 replicated lots of 8 pigs each .  Each lot 
consisted of four barrows and four gilts. The pigs averaged approxi­
mately 54 pounds in weight when the trial started and the trial was 
terminated as lots reached an average weight of 200 pounds. 
The pigs in this trial were housed in portable 8 x 12 foot 
houses placed side by side on a concrete slab. Each lot had access to 
an 8 x 12 foot indoor area with a connecting 11 x 12 foot outside 
concrete lot. Water was provided in a 65 gallon tank-type water 
fountain. Water consumption was recorded on the basis of 8 . 339 pounds 
being equal to one gallon. Feed was supplied in a 750 pound capacity, 
3 hole self-feeder. Both feed and water were in the outside pen. Feed 
was removed from the feeders and weighed when lots weighed 75 , 150 and 
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200 pounds to measure feed consumption for each period. Composite feed 
sarnples were taken throughout the trial for che.mical analrses • .  The pigs 
were weighed when placed on test and at 14 day intervals thereafter. 
The composition of the corn-soybean meal fortified rations are 
shown in table 1. Ration A was fed from the start of the experiment to 
75 pounds of body weight, ration B was fed from 75 to 150 pounds of body 
weight and ration C was fed from 150 to 200 pounds per average weight. 
The - lysine and lysine in coinbination with tryptophan treatments 
were supplemen�ed in the water in the following manner :  
Lots 1 and 7 - Plain water 
Lots 2 and 8 - 1 grn. L-lysine monohydrochloride/gal. (8. 339 lb. ) 
Lots 3 and 9 - 2 gm. 1-lysine monohydrochloride/gal. 
Lots 4 and 10 - 4 grn. L-lysine monohydrochloride/gal. 
Lots 5 and 11 - 6 gm. 1-ly�ine monohydrochloride/gal. 
Lots 6 .. nd 12 - 4 gm .  I-lysine monohydrochloride/gal. + 40 mg. 
DL-tryptophan/gal. 
This design permitted a comparison of different supplemental 
lysine levels a..�d lysine in combination with tryptophan supplied in the 
water .  
Trial II 
Lysin� Supplementation of Low Protein Rations _kl Two Different 
Methods0 The second trial was conducted during the spring, starting on 
April 8, 1966, and was terminated September 13, 1966. The trial con­
sisted of five lots with eight pigs in each lot. The 40 pigs used in 
this trial were purebred Yorkshire and Duroc pigs and were stratified 
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TABLE 1. COMPOSITION OF RATION FOR TRI.AL I (POUNDS) 
Ration A Ration B Ration C 
Pig wt. , lb. Start to 75 75-150 150-200 
Crude protein, �1, 14. 0 12. 0 10 . 0  
Shelled corn 843 890 930 
Soybean meal, 50% 128 80 40 
Dicalciurn phosphate 16 18 18 
Limestone 5 3 3 
Trace mineral salt 5 5 
Vitamin-antibiotic supplement 1. 15a 1. 025b l. 025b 
a Provided 1135 I. U. vitamin A, ' 340 I. U. vitamin D, 4 mg. riboflavin, 
8 mg. calciu.m pantothenate, 16 mg. niacin, 20 mg. choline chloride, 10 
mcg. vitamin BJ..2 and 1. 13 gm. SP-250 per pound of  ration. 
b Provided 1135 I. U. vitamin A, 340 I. U. vitamin D, 2 mg. riboflavin, 
4 mg. calcium pantothenate, 9 mg. niacin, 10 mg. choline chloride, 7 
mcg. vita�in B.12 and 5 mg. chlortetracycline per pound o f  ration. 
according to breed, litter, weight, sex and allotted randomly. The · 
pigs were three weeks old and averaged 12. 8 pounds initially and were 
taken off of test as each pig reached a weight of 210 pounds. 
The pigs in this trial were housed in the finishing barn at the 
swine unit. Each lot had access to a 14 x 20 foot indoor area wlth a 
connecting 15 x 20 foot outside concrete lot. Water was provided in a · 
65 gallon tan.�-type water fountain. Water consu.mption was recorded on 
the basis of 8. 339 pounds being equal to one gallon. Feed was supplied 
in a 450 pound capacity, 3 hole self-feeder. Both water and feed were 
supplied in the outside _pen. Feed was r.emoved from the feeders and 
weighed when pigs were six weeks and nine weeks old and 75 , 150 and 210 
pounds to measure feed consu..�ption for each period. Composite feed 
samples we�e taken throughout the trial for chemical analyses� The pigs 
�ere weighed when placed on test and at 14 day intervals thereafter. 
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A corn-soybean meal fortified ration was fed and protein levels 
were adjusted throughout the experiment at different feed?-J1g stages with 
levels being two percent suboptimum at all stages as shown in table 2. 
Ration A was fed from the start of the experiment to six weeks, ration B 
was fed from six weeks to nine weeks, ration C was fed from nine weeks 
to 75 pounds, ration D was fed from 75 to 150 pounds and ration E was 
fed from 150 to 210 pounds per average weight. 
The treatments in this trial were : 
1 - Control (no lysine supple�entation) 
2 Control diet + 0. 1% I-lysine supplemented in ration 
3 Control diet + 0. 3% 1-lysine supplemented in ration 
4 Control diet + 0. 1% L-lysine supplemented in water 
5 - Control diet + 0. 3% L-lysine supplemented in water 
Lysine intakes of comparable treatment levels were adjusted · in the 
water treatment every two weeks so that equal lysine intake between feed 
and water treatments was stabilized throughout the experiment. 
Individual pigs weighing 210 pounds or more were removed from 
test at weekly intervals and shipped by truck to be slaughtered at the 
John Morrell and Company packing plant at Sioux Falls. Carcass data 
coll ected were average backfat thickness, longissimus dorsi muscle area, 
carcass length and percent ha� .and loin. 
Backfat thickness measurements ware taken on the chilled 
·carcasses at the first rib , last rib and last lumbar vertebrae • . The 
· average of these three measurements was used as the backf at :neasurement. 
The area of the longissimus dorsi muscle was measured between the 10th 
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TABLE 2 .  COMPOSITION O� RATION FOR TRIAL II (POUNDS) 
Ration A Ration  B Ration C Ration D Ration 'E 
9 wk . - 75- 150-
3-6 wk. 6-9 wk. 75 lb. 150 lb. 210 lb. 
Crude protein, di_ /0 18 16 14 12 10 
Shelled corn 195 270 1686 1780 1860 
Rolled oats 150 150 
Soybear1 meal, 50% 65 .65 256 150 80 
Dried skimmilk 50 
Sugar 25 
Dicalcium phosphate 7. 5 8 32 36 36 
Limestone 2 .5 3 10 6 6 -
Trace mineral salt 2.5 2. 5 10 10 10 
Trace mineral 0. 25 . 0 . 25 --
Vitamin-antibiotic 1.90a 1. 90a 2. 05b 2 . 05b 2.05b 
supplement 
a Provided 1135 I . U . vitamin A, 3L�O I.U. ·vitamin D, 4 mg . riboflavin, 
8 mg. calcium pantothenate, 16  mg. niacin, 20 mg. choline chloride, 10 · 
mcg_. vitamin BJ..2 and 1. 13 gm. SP-250 per pound of ratio n.  
b Provided 1135 L U. vitamin A, 350 I. U .  vitamin D,  2 mg. riboflavin . 
4 mg. calcium pantothenate, 9 mg. niacin, 10 mg. choline chloride, 7 . 
mcg. vitamin BJ.2 and 5 mg. chlortetracycline per pound of ration. 
and 11th rib by tracing the o uter perimeter of the muscle with a 
planimeter . Carcass length was measured from the leadin g edge o f  the 
_ first rib to the anterior edge of the aitch bone. The percentage o f  
h am  and loin was computed by dividing the s um  of the weight of the 
skinned ham and the tri.'7lm.ed loin by the weight of the chilled carcas s 
and multiplying by 100. 
Trial III 
Lysine Supolementation of � Protein Rations .!2z � "-Iethods. 
The third trial was started on Septem"'::)er JO, 1966, and was terminated on 
· February 16, 1967. Forty cros sbred pigs from a Hampshire, Yorkshire a_�d 
Du.roe rotational mating were stratified a.ccordi�g to litter , sex and 
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weight. They were then randomly allotted into 5 lots of 8 pigs each. 
Each lot consisted of four barrows and four gilts. The pigs were three 
weeks of age .and averaged 13. 2  pounds when the trial started. Pigs 
were removed from the trial individually as they reached 210 pounds. 
'l'he pigs in this trial were housed in the smne facilities as used 
in trial II and were fed and managed in the same basic procedure. 
A corn-soybean meal fortified ration was fed and protein levels 
were adjusted throughout the experiment at different stages with levels 
being two percent above optimu.m at all stages as shol-m in table J. 
Ration A was fed from the start of the experiment to 9 weeks, ration B 
was fed from 9 weeks to 75 pounds, ration C was fed from 75 to 125 
pounds and ration D was fed from 125 to 210 pounds pen average weight. 
The treatments in this trial were : 
l - Control (no lysine supplementation ) 
2 Control diet + 0. 1% L-lysine suppleme nted in ration 
3 - Control diet + 0.3% I-lysine supplemented in ration 
4 - Control diet + 0. 1% I-lysine supplemented in water 
5 - Control diet + 0.3% L-lysine supplemented in water 
Lysine intakes of comparable treatment levels were adjusted in 
the water treatment every two weeks so that equal intake was stabilized 
throughout the experiment. 
Individual pigs weighing 210 pounds or more were removed from 
test at weekly intervals and slaughtered at John Horrell a...'t'ld Company, 
TABLE J .  COMPOSITION OF RATION FOR TRIAL III ( POUNDS ) 
Ration A Ration B Ration C 
9 wk. - 75-
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Ration D 
125-
3-9 wk. 75 lb. 125 lb. 210 lb. 
Crude protein, % 20 20 16 14 
Shelled corn 170 345 1590 1686 
Rolled oats 150 
Soybean meal, 50% 90 137 350 256 
Dried skirnmilk 50 
Sugar 25 
Dicalcium phosphate 7 10 34 J2 
Limestone 3 3 12 10 
Trace mineral salt 2.5 2. 5 10 10 
Trace mineral 0. 25 0. 25 
Vitamin-antibiotic supplement 1. 90a 1. 90a 2. 05b 2.05b 
a Provided 1135 I. U. vitamin A, J50 I.U. vitamin D, 4 . mg. riboflavin, 
8 mg. calciu.� pantothenate � 16 mg. niacin, 20 mg. choline chloride, 10 
mcg. vitamin B12 and 1. 13 gm. SP-250 per pound of ration. 
b Provided 1135 I. U. vitamin A, 340 I.U .  vitamin D, 2 mg. riboflavin, 
4· mg. calciQ� pantothenate, 9 mg. niacin, 10 mg. choline chloride, 7 
mcg. vitami n BJ..2 and 5 mg. chlortetracycline per pound of ration. 
Sioux Falls, where average backfat thickness, longissimus dorsi muscle 
area, carcass length and ham and loin percentage dat a  were obtained. 
Composite s��ples of all rations fed were collected and analyzed 
for crude protein in the E.xperiment Station Biochemistry Department 
laboratories. 
RESULTS AND DIS CUSSION 
The results of each trial will be discussed sep arately. The 
criteria used for eval�ating the results in the trials were r�te of 
gain, feed eff;iciency and carcass composition. 
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Trial I. The Effect of Lysine and Lysine and Tryptophan in the Drinking 
Water of Growing-Finishing Pi� 
The results of the rate of gain , feed efficiency and feed and 
water consumption data are shown in table 4. Although there was no 
s.tatistical difference in daily gains, as shown in table 6, it should be 
noted that all lots of pigs receiving lysine supplementation in both 
repli cates gained faster than the control pigs. The pi gs receiving 4 
gm. of lysine per gallon of water gained at . the most rapid rate when the 
�esults of both replicates were averaged. The gain of these pigs at 
1. 63 lb. per day was 9. O ;t faster than the 1. 49 lb. per day· gain of the 
control pigs. There was not a graduated response from increasing lev�ls 
of lysine as might be expected if l_ysine was lacking in any great amount. 
Actually pigs receiving the 1 gm .  level of lysine per gallon of water 
gained 1 .58 lb. per day which was 5. 7% faster tha� the control pigs, b�t 
those receiving the 2 gm.  level of lysine gained only 1.51 lb. p er day 
which was only sli ghtly better than the 1 . 49 lb. per day gain of the 
controls. 
Feed efficiency was improved approximately 5.5% when either 4 or 
.. 6 gm. of ly sine were added per gallon of  water. The pigs in the control 
group requi red an average of J. 20 lb. of feed per lb. of gain comp ared 
TABLE /4. RESULTS OF LYSINE AND LYSINE-TRYPTOPHAN SUPPLEMENTATION TO WATER , TRIAL I 
Item Control 
Number of pigs 8 
Av. initial wt . ,  lb. 57.50 
Av. final wt. , lb. 200 . 00 
Av. daily gain, lb. 1.50 
Av. daily feed, lb. 4. 72 
Av. daily water, gal . 1 . 30  
· Av. daily lysine, gm. --
Av. daily tryptophan, mg. --
Av. feed per lb. gain, lb . J . 14 
Number of pigs 8 
Av. initial wt . ,  lb. 50 . 00 
Av. final wt. , lb. 200 . 20 
Av. daily gain, lb. 1.49 
Av. daily . feed, lb . 4. 86 
Av. daily water, gal . 1 . 31 
Av. daily lysine, gm. --
Av. daily tryptophan, mg. --
Av. feed per lb. gain, lb. 3 . 27 
Av. daily gain, lb. 1 . 49 
Av. feed per lg. gain, lb .  3.20 
1 gm. 2 gm. 
lysine lysine 
per gal. per gal. 
water water 
Replicate 1 
8 8 
58. 30 59 . 30 
204.40 202.80 
1 . 55 1 . 51 
5 . 09 4 .79 
1.29 1.30 
1.29 2 .60 -- --
. J.28 3 .18 
ReElicate _g_ 
8 8 
50.10 50.30 
202 . 60 202. 60 
1 . 61 1 . 51 
4. 94 4.93 
1 . 30 1 . 22 
1 . 30 2 . 44 -- --
J . 08 J . 27 
Av. Reps 1. and � 
1 . 58 1.51 
J . 18 3.22 
�,'('\,, . 
4 gm. 
lysine 
4 gm. 6 gm. + 40 mg. 
lysine lysine tryptophan 
per gal . per gal. per gal. 
water water water 
8 8 8 
58. 10 58. 60 59 . 50 
202 .• 30 204. 20 205 . 30 
L g_6 1 . 53 1 . 59 
.5� ' 4. 72_ 4. 75 
1.26. 1 . 33 1 . 32 
5. 05 7-. 98 5.28 -- -- 51.50 
3 . 04 3 . 13 2. 98 
· a  8 8 
49 . 40 48. 50 49 . 10 
202.90 201 . 50 200 . 50 
1.60 1 . 68 1 . 58 
4. 81 4. 94 4. 82 
1 . 28 1. 21 1.32 
5 . 16 7 . 26 5 . "28 -- -- 52.80 
3 . 01 2. 94 3 . 05 
1 .63 1 .60 1.58 
3.02 3 . 03 3.01 
I\) °' 
TABLE 5 .  CALCULATED PROTEIN, LYSINE AND TRYPTOPHAN CONTENT AND 
CHEl{[CAL ANALYSIS OF PROTEIN IN RATIONS · FOR TRIAL I 
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Ration A Ration B Ration C 
Start-75 lb. 75-150 lb. 150-200 lb. 
Calculated crude protein, % 14 12 10 
A."lalyzed crude protein, % 14.41 11.48 9. 96 
Calculated lysine , % 0.59 0.44 0.32 
Calculated tryptophan, % 0.17 0.13 0.10 
TABLE 6. ANALYSIS OF VARIANCE FOR RATE OF GAIN 
AND FEED EFFICIENCY, TRIAL I 
Source of 
variance 
Total 
Replicate (R) 
Treatment ( T) 
R x T 
Sex ( S) 
R X  s 
T X  s 
R x T x  s 
Error 
d. f. 
95 
1 
5 
5 
1 
l 
5 
5 
72 
Trait analyzed 
Av . daily Feed · 
gain efficiency 
0.0024 0.0032 
0.0013 0. 0325 
0. 0019 0.0175 
0. 0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
to the J. 02 and 3. 03 lb. of feed per lb. of gain required by the pigs 
receiving 4 and 6 gm. of lysine per gallon of water, respectively. 
There w as no effect on feed efficiency by adding 1 or 2 gm. of lysine 
per gallon of water as these pigs required J.18 arrl J. 22 lb. of feed 
per lb. of gain, respectively, which w as essentially the same as the 
control group. 
Adding 40 mg. of tryptophan per gallon of water in addition to 
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4 gm. of lysine did not improve tne performance of pigs over those pigs 
receiving this  level of lysine alone. 
Trial II. The Effect of Supplementing Lysine in � Feed £_!: Water to 
� Protein Ration s 
The effects of supplemental lysine on rate of gain, feed and 
water consumption, feed efficiency and carcass characteristics are 
shown in t�ble 7 . There w as no statistical difference in average daily 
gain due to lysine supplementation in this trial. However, pigs 
receiving lysine in the water did gain slightly faster than those pigs 
receiving lysine in the feed or the control ration. 
The pigs receiving lysine in the w ater at levels equivalent to 
0. 1% and 0. 3% of the ration gained 1. 49 and 1. 48 lb. per day, respec­
tively, which was 6. 1� faster than the 1. 40 lb. per day gain when the 
sa�e levels were fed in the ration. The control pigs in this trial 
gained 1. 43 lb. per day which was slightly higher than the group 
receiving lysine supplemented in the feed and somewhat lower in average 
daily gain when compared to the pigs receiving supplemental lysine in 
the drinking water. In this trial the Yorkshire pigs gained 1. 50 lb. 
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TABLE 7. RESULTS OF LYSINE IN THE FEED OR WATER, 
LOW PROTEIN , TRIAL II 
Lysin_e in water 
Lysine in feed ( Feed equivalent ) 
Item Control O . l;b 0. 3% o . 11l 0 33 • /0 
Number of pigs 8 8 8 8 8 
Av. initial wt. , lb . 13 . 00 11.90 13 . 50 13. 00 12.80 
Av. final wt. , lb . 213. 63 206. 38 211 . 63 214. 00 212. 60 
Av. daily gain, lb. 1. 43 , 1. 40 1. 40 1. 49 1. 48 . 
Av. daily feed , lb. 4. 63 4.31 4. 39 4. 26 4. 27 
Av. daily water, gal.  Q. 86 0. 87 0. 85 0. 89 0. 86 
Av. daily lysine , gm. 2. 20 6. 75 2. 26 6 . 88 
Av. feed per lb. gain , lb . 3. 26 3 .11 J . 10 2 . 89. 2 . 90 
Carcass Data 
Car_cass· wt . , lb . 153.13 147 .50 150. 05 154. 25 153. 00 
Carcass length , in. J0. 06 29 . 85 29. 91 29 . 86 29 . 73 
Backfat , in. 1 .52 1. 41 · 1 . 45 1. 43 1. 49 
Loin eye area, sq . in. 4.51 4. 85 4 . 60 4. 49 4.51 
Percent hrun-loin 37.30 38. 68 J8. 40 37 . 46 37. 06 
per day which was significantly faster ( P <. 05 ) than the 1 . J7 lb. per 
day gain of the Du.roe pi gs . 
The pigs receiving 0. 1 and 0. 3% supplemental lysine in the feed 
required 3 . 11 and J . 10 lb . of feed per lb. of gain , which was 4. 7% less  
feed than the J.26 lb . of feed per lb . of gain required by the control 
group pigs . However , when lysine was administrated in the drinking 
water at 0. 1 and 0. 3%, the pigs required only 2. 89 and 2 . 90 lb. of feed 
per lb . of gain, · respectively,  w'hi ch was 11. 2;6 less  f e·ed than the 
controls and 6 . 8% less  feed than those  pigs receiving the lysine supple-
ment in the feed. 
In this trial low protein rations with O � J·% lysine in the feed. 
or water were of no additional benefit over the 0 .1% level of lysine 
in the feed or water. 
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There were no significant differences in the carcass data aue to 
lysine supplementation or method of administration. A breed difference 
in carcass quality was observed. The Duroc pigs used in this study 
had a significantly (P <. 05 )  la�ger are a  of longissL�us dorsi muscle 
(4 . 92 vs. 4. 27 sq. in. )  than the Yorkshire pigs and also had signifi­
cantly (P <.. 01 )  highe r  percent of ham and loin (J8. 41 vs. 37.16)  than 
the Yorkshire pigs. The Yorkshire pigs were significantly longer 
( P <. 05)  than the Duroc pigs (30. 36 vs. 29 . 39 in. ) .  Differences in the 
carcasses due to sex were also noted. The females in this study were 
significantly longer ( P<. 05 ,  JO. JO vs. 29.45 in. ) and ·the are a  of 
longissimus dorsi muscle was 7. 5% larg_er than that of the castrated 
males (4. 77 vs. 4.41 sq. in. ) and this difference was statistically 
significant ( P  <. 01 ).  
The results of this trial were somewhat in disagreement with 
the findings of Cahilly � al. (1965 )  who reported lysine supplementa­
tion at various levels up to 0. 60% consistently decreased backfat, 
increased lean cut yield and longissimus dorsi area. 
However, the results were in agreement with work reported by 
Kropf (1957 ) who reported no benefit by adding crystalline amino acids, 
tryptophan and lysine , on organ weight, carcass physical measureTients 
·and total lean yield . 
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The calculated analyses shovm in table 8 point out that with the 
pro tein levels fed the 1-ly sine requirement was not adequately met with 
the basal ration or the basal plus 0.1% lysine at each feeding stage 
according to published research . Research by McWard et _&. (1959), 
Vipperman et al. (1963 ) and Heade et al. (1965) indicated that the 
1-lysine requirement of the early weaned pig was 1. 1 to 1. 2·% of corn­
soybean meal rations varying in percent of protein from 16 to 20% . The 
rations  supplemented with 0 . J� lysine were calculated to meet the 
requirement of the pig from weaning to nine weeks according to current 
published research. By calculation, the ration with 0.1% lysine 
supplementation appears to be adequate at all subsequent s tages with 
published requirements for lysine and the basal ration meets the lysine 
requirement for the last feeding stage of 150 to 210 lb. 
The average daily gain, feed efficiency and carcass data obtained 
in this trial indicate that the 0. 1% lysine level gave optimu.m 
performanc� and apparently met the lysine requirement of the pigs at 
all stages of growth. 
The results of trial II indicate that the performance of early 
weaned pigs when supplied a.'11 equal amount of L-lysine in the drin.ldng 
water as opposed to mixing it in the feed were more efficient with 
comparable carcass composition and rate of gai n. 
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TABLE 8 . CALCULATED PROTEIN AND LYSINE CONTENT A.ND CHEMIC.AL 
ANALYSIS OF PROTEIN IN RATIONS FOR TRIAL II 
Ration A Ration B Ration C Ration D Ration E 
J-6 6-9 9 wk. - 75- 150-
wk. wk. 75 lb. 150 lb. 210- lb. 
Calculated crud e 18 16 14 12 10 
protein , % 
Analyzed crude 17 . 27 16. 46 12. 97 10.90 10. 03 
protein , % 
Basal ration 
Analyz ed crude 17. 86 15 .10 14. 10 12.06 9.56 
protein ,  % 
0. 1% lysine in 
feed 
Analyzed crude 19. JO 16. 0J 13.93 12. Jl 9 . 96 
protein , % 
O . J% lysine in 
feed 
Calculated lysine , % 0 . 86 0. 73 0 . 59 o . 44 0 . 32 
Basal ration 
Calculated lysine , % 0.96 0.83 0. 69 0 . 54 0 . 42 
Basal + 0 . 11t 
lysine in feed 
Calculated lysine , % 1 . 16 l. OJ 0. 89 0 . 74 0 . 62 
Basal + 0.3% 
lysine in feed 
TABLE 9 .  
Source of 
variation d. f. 
'l'otal 39 
Treatment ( T )  4 
Breed ( B ) 1 
T X  B 4 
Sex ( S )  1 
T X  s 4 
B X  s 1 
T X  B X  s 4 
Error 20 
* P <. 05 .  
** P <. 01 .  
ANALYSIS OF VARIAi�CE FOR PRODUCTION AND CARCASS DATA , TRIAL II 
Trait anal;yz ed 
Av. daily gain Loin eye area Backfat Len gth 
0 . 0024 7 . 4287 0 . 0986 0 . 72 
0 . 0366 * 175 . 6029* 0 . 1366 58 . 08*  
0 . 0044 7. 8653 0 . 2475 5 . 36 
0 . 0164 52. 2808** 1 .1417 47. 09 *  
0 . 0026 2 .1207 0 . 0856 6 . 75 
0 . 0000 17 .1218 0 . 0052 4. 23 
0 .  0061-} 3 .1667 0 . 3530 4. 39 
0 . 0038 9 . 4459 0 . 1112 5 .16 
Ham-loin , % 
4. 0542 
15 . 7502** 
1 . 3936 
5 . 3144 
1 . 4483 
0 . 0185 
1 . 2512 
3 . 2963 
w w 
Trial III. The Effect of Supplementing Lysine in the Feed 2£ Water 
12, High Protein Rations 
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The effects of supplemental lysine on rate of gain, feed and 
water consumptio n, feed efficiency and carcass characteristics a.re 
shown in table 10. Lysine supplementation did not affect rate of gain 
at any phase in this trial. The rate of gain of pi gs on all treatments 
averaged 1. 62 lb. per day with �l treatments being nearly identical 
with the exception of the 0. 1% lysine in the water treatment. These 
pigs gained 1. 54 lb. per day or 5 . 5% slower th an all other groups. 
Although there again was no statistical difference in feed 
efficiency, pigs receiving the lysine supplementation required less 
feed th an the controls as in trial II. The pigs receiving 0. 1% lysine 
in the feed and water had nearly identical feed efficiencies of 2. 8} 
and 2. 86 lb. of feed per lb. of gain, respectively, and required 
approximately 7 . 5% less feed than the control group which required 
3.07 lb. o� feed per lb. of gain. Pigs fed the ration containing 0. 3% 
of supplemental lysine required 2. 92 lb; of feed per lb. of gain or 
4 .8% less feed than the control pigs while the pigs receiving 0 . 3% 
supplementeJ. lysine in the water required only 2. 76 lb. of feed per 
lb. of gain or 10. 1% less feed than the control pigs and 2. 8% less 
feed th an pigs fed the comparable level of lysine in the feed. 
In both trials II and III there was not a definite trend between 
avera ge daily feed conslL�ption, feed efficiency and level of lysine 
supplementation. In both trials II and III pigs receiving lysine in 
the water consu.med less feed daily ��d were more efficient in feed 
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TABLE 10 .  RESULTS OF  LYSINE IN  'fHE FEED OR WATER, 
HIGH PROTEIN,  TRI.AL III 
L;zsine 
Item Control 0. 1% 
Number of pigs 8 8 
Av . initial wt. ,  lb. 13.2 13. 0 
Av. final wt . ,  lb. 213. 00 212. 00 
Av . daily gain, lb. 1 . 63 1. 62 
Av. daily feed, lb . 5. 00 4. 59 
Av. daily water, gal. 1. 09 1. 11 
Av. daily lys ine, gm . •  2. 09 
Av. feed per lb. gain, lb. 3. 07 2.83 
Carcass Data 
Carcass wt., lb. 157. 00 151. 00 
Carcass  length, in. 30. 6 29. 5 
Backfat, in. 1.30 1.30 
Loin eye area, sq. in. 5. 47 5. 19 
Percent ham-loin 41.3 41 � 4  
a Significant ( P  <. 01 ) over lots 1 through 
utilization than pigs receiving lys ine in the 
in feed 
o. 3j 
8 
13. 0 
213. 00 
1 . 62 
4. 73 
1 . 01 
5. 99 
2, 92 
154. 00 
30 . 2  
1.30 
5.34 
41. 5 
4. 
feed. 
Lysine in water 
(Feed equivalent) 
0. 1% 0 .3% 
8 8 
12. 9 13. 9  
209. 00 213. 00 
1. 54 1 . 61 
4. 40 4. 44 
1. 11 1. 03 
2.34 5. 97 
2.86 2.76 
1 50. 00 153. 00 
29. 4  30. 2 
1. 32 1. 18 
5. 09 5.40 
41. 2 42.3a 
In trial II the 
pigs receiving 0 . 1% lysine in the water ate l ess  feed per day and were 
more efficient than the pigs receiving 0 .3% lys ine in the water. Thes e  
results were reversed in trial III as the pigs receiving 0. 1% supple­
mental lysine in the water ate less feed per day and were less efficient 
than the pigs receiving O.J� lysine in the water. In trial II pigs 
receiving 0.3% supplemental lysi.�e in the feed consu.�ed more feed per 
day and were more efficient than the pigs receiving 0 . 1% lysine in the 
feed while in trial III the pigs fed 0. 1% lysine in the feed consu.med 
less daily feed and were also more efficient tha...� tho se fed 0 .3% lysine . 
These findings tend to disagree with Jensen et al. (1952) and C atron 
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TABLE 11. CALCULATED PROTEIN,  LYSINE CONTENT A.l'ID CHE11ICAL 
Al�ALYSIS OF PROTEIN IN RATIONS FOR TRIAL III 
Ration A Ration B Ration C Ration D 
3-9 9 wk. - ?5- 125-
wk. 75 lb . 125 lb. 210 lq. 
Calculated crude 20 20 16 14 
protein, % 
Analyzed crude 21. 41 19.80 14. 86 13.01 
protein , % 
Basal ration 
Analyzed crude 21. 90 22. 21 15. 72 14. 42 
protein , % 
0 . 1·� lysine in 
feed 
Analyzed crude 22. 01 20. 09 17. 02 14. 52 
protein, % 
O . J% lysine in 
feed 
Calculated lysine, f/ 70 1. 01 0. 97 0. 73 0 .59 
Basal ration 
Calculated lysine, % 1.11 1.07 0. 83 0. 69 
Basal + 0 . 1% I 
lysine in feed 
Calculated lysine , 
Basal + o . J�t 
f, 1. 31 1. 27 1 •. 03 0 . 89 
lysine in feed 
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TABLE 12. ANALYSIS OF VARIANCE FDR PRODUCTION AND 
CARCASS DATA , - TRIAL III 
Trait analyzed 
Source of Av. daily Loin eye Ham-loin 
variance d .f .  gain area Backfat Length 
Total 38 
Sex (S) 1 0. 0308 11. 9165 0. 0351 l?. 4111 0. 3855 
Treatment ( T) 4 0. 0013 20. 8289 0. 1606 8 . 4553 5.8510* *  
s X T 4 0. 0028 16.4023 0. 0052 2.4183 1. 4421 
Error 29 0 . 0034 11 . 9606 0. 1027 5. 4342 1. 8640 
* * P <. 01 .  
_tl al. (1953 ) who reported that a s  the amount of lysine supplementation 
increased feed consumption decreased. 
Pigs receiving 0 . 3% lysine in the water had_ 0 . 12 of an inch less 
carcass backfat than all other treatments. This difference was not 
statistic ally si gnificant. The lysine treatments were without effect 
upon carcass length and longissimus dorsi mus cle  area �hen compared to 
the basal control ration. The percent h�� and loin of pigs receiving 
O . J% lysine administered in the drinkin g water was significantly 
greater ( P <. 01 ) than the percent of hal11 and loin of pigs in all other 
treatment groups .  These pigs had an  average ham and loin percentage of 
42. JO;& compared to an average of 41. 35;h ham a nd loin :for all other pigs 
in this experiJnent. A contributing fe.ctor to t..l-i e incre ased ham and loin 
percentage of the 0 . )7b lysine supplemented pi gs was the 0 . 12 of an inch 
less backfat on the carcasses of these pigs. This would be expected as  
carcasses of pigs carrying little backfat have a higher ham and loin 
percentage because less fat is trimmed off of the ham and· loin. 
The crossbred pigs used · in this trial were genetically meatier 
than the Duroc and Yorkshire pigs used in trial II which accounted for 
the superior carcass data in this trial. 
Welch et al. (1966 ) reported that amino acid intake during the 
period of major fat deposition (50-90 kg. ) could be of con siderable 
importance in maintaining carcass quality, espe cially when rations of 
margin al amino acid balance are fed. 
Similar research reported by Jurgens ,tl al . (1967 ) indicated 
higher average daily gains and improved feed efficiency were obtained 
with pigs fed 16% protein rations compared to those fed 12% protein. 
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The supplementation of lysine in the ration did not have a significant 
effect on the pigs' average daily gain and feed efficiency. However, 
pigs fed the 12% protein ration with supplemental lysine showed an 
increased average daily gain and feed efficiency compared to pigs fed 
the 12� basal ration. Carcass length, backfat thickness and area of 
the longissimus dorsi muscle were not significantly affected by the 
addition of lysine to the ration . iiowever ,  the percent ham and loin was 
significantly increased with the addition of lysine to the rations 
which is in agreemant with the results of the work reported herein. 
Work done by Clawson et al. (1962) and Vipperman et al. (1963 ) 
showed an improvement in average backfat and total lean_ yield with 
additions of I-lysine up to 0. 6% of the total ration.  
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According to current research standards , all rations fed in this 
trial were higher in lysine content than were needed for optimum growth 
at all feeding stages. However , the 0.3% level of lysine administered 
in the water in this trial may have improved the balanc e  of amino acids 
in the rations resulting in more efficient us e of protein in the 
building of muscle protein ,  as an increase in percent of ham and loin 
would also indicat e  an increase in vield of total lean. - ., 
Throughout th e discussion of this experiment , it has been quite 
consistently shown that supplem ental lysine is somewhat more effectively 
utilized by the pig when it is administered in the drinking water rather 
than in the feed. The experiment was not designed to determine the 
reasons for this improved efficiency. However, a possible explanation 
is  that lysine may be assimilated through th e intestinal wall more 
effectively when ingested in water rather than through the feed. This 
may be a reason for the more efficient use of the total diet intake. 
It has also been reported that lysine is needed in the hormone . 
molecule of vasopressin. The pig is the only domesticat ed farm animal 
that has lysine in the vasopressin m0lecule in addition to seven othe r 
usual amino acids found in all other farm animals. The cow ,  horse and 
sheep species contain arginine in place of  lysine in this molecule. 
The primary physiological function of vasopressin is limiting the loss 
of water in urine thro ugh the kidney. It also is responsible for an 
increase in cell wall permeability and the active transport of sodium. 
The possibility exists that the utilization of lysine for this purpose 
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is more efficient when lysine is administered in the water and that food 
utilization is thus improved. 
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SUNMARY AND CONCLUSIONS 
A total of 176 pigs were used in three separate trials in this 
experiment to cor1pare the ·effects of adding supplemen tal lysine in the 
drinkin g water with adding the same runount of lysine in corn-soybean 
meal rations for growing and finishing swine and to study the effect of 
lysine on growth, feed efficiency and carcass composition. 
In the first trial 96 pigs averaging 54.1 lb. were allotted to 
six treatments and each treatment was replic ated. A 14% protein corn­
soybean meal b asal r ation was reduced to 12 arrl 10% protein at 75 and 
150 lb. average lot weight. The s:L""{ treatments used were the basal 
ration, the basal ration plus 1, 2, 4 and 6 gm. of lysine per gallon of 
water and the basal r ation plus 4 gm. of lysine and 40 mg. of tryptophan 
per gallon of water. Feed and water were allowed ad libitum to all 
pigs. 
· In all treatments pigs receiving lysine in the water showed a 
slight but statistically insignificant advantage in r ate of gain and 
effi ciency of gain. The pigs fed the 4 gm. level of lysine per gallon 
of water h ad the best average dcily gain. Four gm .  of lysine plus 40 mg. 
of tryptophan per gallon of water provided the best average efficiency 
of gain of all t reatments. 
The second trial was c�nducted with a total ·or  40 early weaned 
pigs averaging 12. 8 lb . They were allotted randomly into five treat­
ments . The corn-soybean me al basal r ation contained protein levels of 
18, 16, 14, 12 and 10� with reductions in protein made at 6 weeks, 9 
weeks of age, 75 lb. and 150 lb. average lot weight. The treatCTents 
were the basal ration , the basal ration plus 0. 1% and 0. 3% lysine in 
the feed and the basal ration plus lysine administered in the drinking 
water at levels equivalent to 0. 1% and 0. 3% of the feed con sumed. The 
pigs in this trial showed no statistical significance in response to 
lysine supplementation or method of supplementation on rate of gain , 
efficiency of gain or carcass characteristics. 
The pigs receiving suppl�mental lysine in the feed or water 
required 4.7% and 11. 2� less feed per unit of gain , respectively, than 
the pigs fed the basal ration. Pigs r·eceiving the lysine through the 
water were 6. 8% more effi cient than those pigs receiving lysine in the 
feed. Pigs fed the basal ration consQmed 6 .8% and 11. 6% more feed 
than those pigs receiving lysine in the feed or water, respectively. 
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In the third trial 40 early weaned pigs weighing an average of 
13. 2 lb. were allotted randomly into five treatments. A corn-soybean 
meal basal ration was fed to the pigs with protein levels of 20 , 20 , 16 
and 14% being changed during the trial at 9 weeks of age , 7 5 lb. and 
125 lb. of average lot weight. The treatments in this trial were the 
same as in trial II. There again was no statistical effect upon rate 
of gain or efficiency of gain due to lysine supplementation . Pigs 
receiving supplemental lysine were more efficient in feed utilization 
than the pigs fed the basal ration. Feed efficiency was 3.07 , 2. 83 , 
2. 92, 2.86 a�d 2. 76 lb. per lb. of  gain for pigs fed the basal ration , 
0. 1% lysi�e in feed , 0. 3% lysine in feed , 0. 1% lysine in water and 0. J% 
lysine in water, respectively. The pigs supplemented with 0. 3% lysine in 
the water also had 0. 12 of an inch less carcass backfat than pigs from 
all other treatments. The percent. ham an:l loin of pigs receiving 
0.3% lysine in the water was increased significantly ( P <.01 ) .  
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The results of this study indicate that corn-soybean meal diets 
fed to growing-finishing pigs may be deficient in lysine content for 
optimum feed efficiency and lean development even if adequate for rate 
of gain. The method of lysine supplementation did not have a 
significant effect on  performanc_e of pigs. However, the pigs receiving 
lysine supplementation in the water were more efficient in feed 
utilization than the pigs fed lysine in the feed. 
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